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Abstract 
Standard ETFE foils have a very high solar transmission. This can result in serious problems with overheating 
and also cause a high degree of thermal discomfort. A new material by Nowofol (Nowoflon ET 6235 Z-IR) uses a 
new approach: infra-red absorbing (solar IR). Another company is currently developing a multilayer film that 
maintains high visible light transmission while blocking infrared heat by reflection. Also, the authors are currently 
working on new options that are not only relying on printing, tinting or colouring of foils. Compared to the state of 
technology, the new material Nowoflon ET 2356 Z-IR will be examined to quantify their energy saving potential in 
different application scenarios including different climate zones by using dynamic thermal simulations. Also, the 
effect on thermal comfort will be investigated.  
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the TensiNet Association and the Cost Action TU1303, Vrije Universiteit Brussel. 
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1. Introduction  
The present work is focused on a new type of ETFE films, which promises to provide buildings worldwide with a 
higher thermal comfort and to reduce the cooling energy demand in the summer. Since the introduction on the 
market in 1970, ETFE (ethylene-tetra-fluoro-ethylene) is one of the most chemically resistant materials in the world 
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of membrane architecture. The material is used successfully in different aggressive environmental conditions e.g. 
acids, bases, UV- radiation etc. ETFE does not become yellowed or brittle because ETFE absorbs only a minimum 
amount of the UV- radiation. This is allowing for long lasting applications in a broad range of climate zones. [1]  
For large-scale buildings such as shopping malls, airports, railway stations built with an enhanced use of translucent 
materials, ETFE is a good alternative to glass because of its extremely low mass (approx. 350 g/m²). The highest 
benefits of large areas with translucent materials are the increased solar gains in winter with a maximum of visible 
transmission. However, without an appropriate sun protection, the risk of overheating in summer is very high. There 
are different practices in membrane architecture to work against building overheating: ETFE foils can be printed 
(fritting) or a tinted material can be used (e.g. white or coloured ETFE). For the printing, patterns and pigmentation 
grades can be varied. However, the printing of ETFE- foils is a complex process due to the specific surface 
properties, which leads to a very small number of companies that are capable of doing this. Because of our rising 
standard of living the cooling energy demand of buildings increases constantly. Therefore, this study focuses on the 
summer (cooling) case. To calculate the cooling energy demand and to assess the thermal comfort, the dynamic 
building simulation software TRNSYS 17.2 is used for a material rating. Manufacturer information from Nowofol 
states that the installation of only one foil of the new material should result in a reduction of the solar heat gain 
coefficient up to 50% compared to a conventional clear ETFE foil. Additionally, light reflections or color distortions 
should not arise. [2] The method is simple, the solar infra-red rays which are to large extent responsible (50% of the 
energy of the solar spectrum) for heating up the building are absorbed by the film and the building stays cool for a 
longer time. Therefore, it might be possible to build in extend geographical areas, especially in hot climates. In this 
theoretical study, the upper layer of a 2- and 3-layer membrane cushions will be replaced with the new material. Fig.  
1. shows an example of a 3-layer membrane cushion, which allows maximum visible transmissions with minimum 
solar transmissions.  
Fig.  1. Potential to further reduce solar gains and improve thermal comfort by new EFTE materials 
Nomenclature 
Top the operative temperature 
Ta  the air temperature 
Tr the mean radiant temperature 
hc the heat exchange coefficient by convection 
hr the heat exchange coefficient by radiation 
TMR the mean radiant temperature 
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2. Film properties  
The Bavarian Center for Applied Energy Research (ZAE Bayern) was responsible for the measurement of 
spectral data of the foils (ETFE clear; 200µm, ETFE with approx. 65% silver printing; 200µm, Nowoflon ET 6235 
Z-IR; 210µm) with an integrating sphere (Bruker IFS 66v Fourier-Transform Infared (FTIR) Spectrometer). 
Depending on the wavelength [Ȝ] from the tested foils, the transmittance [Ĳ], reflectance [ȡ] and the absorption [Į] 
coefficients were recorded. The relation between them is:   
          αρτ ++=1    (1) 
The measurement data were entered into the Software “OPTICS 6” and “WINDOW 7.4” by LBNL (Lawrence 
Berkeley National Laboratory). WINDOW generates angle dependence data, which are necessary to simulate the 
cooling energy savings and the thermal comfort in TRNSYS. 
Fig.  2. Measured spectral data (Transmission, Reflection); black line –ETFE clear, green line – ETFE with approx. 65% silver printing; red line 
– Nowoflon 6235 Z-IR 
Fig.  2. shows the measured foils’ input data for the simulation. The wavelength range is from 250 nm to 10,000 
nm. Compared to a conventional ETFE foil with silver printing, the reduction in radiative transmission of a 
Nowoflon foil (6235 Z-IR) in the range of the ultraviolet spectrum (250-380 nm) is about 13%. In the visible 
spectrum (380-780 nm) a reduction of 3% was measured and a reduction of about 7% by the infrared radiation (780-
10,000 nm) can be achieved. However, it is important to recognize that the significant improvement is in the near- 
(IR-A) and medium- (IR-B) infrared range which is relevant for the energy of the solar spectrum (approx. 300 to 
2500 nm). The measured data also show the potential for the reduction of cooling demand. The calculations were 
done according to DIN EN 410.  
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Table 1. Computed spectral values (DIN EN 410) for ETFE clear, ETFE silver printing 65% and Nowoflon ET 6235 Z-IR 
3. Simulation and results 
For meaningful results from the dynamic simulation, it is essential to know about the input value and the 
boundary conditions. The following is a short documentation about the climate boundary conditions and the 3D 
model used for the simulation. All results are based on the simulation time steps of one hour.  
3.1. Climate conditions  
The simulation calculations are based on the climate data by the German Meteorological Service (DWD) of the 
climate region of Stuttgart (Germany). This data forms the climate basis of the thermal simulation.  
(a)  (b) 
Fig.  3. Climate boundary (Stuttgart, Germany): (a) direct- and diffuse radiation on the horizontal surface (b) Outside air temperature 
The high radiation on the horizontal surface with total 1086 kWh/m²a in Stuttgart (comparative: London 924 
kWh/m²a, Madrid 1662 kWh/m²a, New Deli 1971 kWh/m²a), in combination with a large translucent membrane 
area, makes a sun protection necessary to provide a high level of thermal comfort in the summer. The locale climate 
in Stuttgart is a moderate climate, with 69 hours at an outside temperature (Tamb) above 26°C per year.  
3.2. 3D Model and parameter for the building simulation 
A performance rating of the new material Nowoflon ET 6235 Z-IR respective to a higher thermal comfort and a 
reduction of the cooling energy load compared to a conventional ETFE with silver printing (65%) is investigated. A 
fictitious 3D- Building model was built in SketchUp with the Plugin Trnsys3d. The building dimensions are 20 
meters x 10 meters and 5 meters height, with a total volume of 1000 m³ and an air change of 0.3 1/h. For this 
purpose the predefined wall types in TRNBuild have been used.   
     Table 2. Simulation parameters (heat transition coefficient; internal gains) 
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Wall and window type U - Value Data generated
(description) [W/m²K] [softwar]
External Wall 0.25 TRNBuild
Ground 0.295 TRNBuild
ETFE - clear 6.825 OPTIC/WINDOW
Nowoflon ET 6235 Z-IR 7.394 OPTIC/WINDOW
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Fig.  4. Internal gains – schedule 
Three different variants were created for this study (Fig.  5). The basic model is Variant I with a single foil layer 
in the roof. Variant II is a 2- layer membrane cushion with a space between the foils of 1.00 m and Variant III is a 3- 
layer membrane cushion with 2 air gaps each 0.50 m. The surface curvature is not considered essentially, the 
reference is on the horizontal surface. The minimal layer thickness of the foils (0.2 mm) does not play a significant 
role for heat transfer, so a multi-layer construction with air gaps is the best solution concerning thermal transfer. 
Unlike in heavy construction materials, in multi-layer membrane constructions the share of convection and thermal 
radiation dominate the overall heat transfer. [4] 
(a)
Fig.  5. (a) Variant I - 1 layer foil; Variant II – 2-layer membrane cushion; Variant III - 3- layer membrane cushion 
3.3. Thermal comfort 
The radiation was calculated in TRNBUILD in the detailed mode to consider the energy transport by radiation 
and thermal stratification. All variants were simulated with identical parameters for an exact assessment. A useful 
parameter to compare simulation results is the so called operative temperature (human thermal comfort), because it 
also considers the radiance temperature inside the building.  
The operative temperature calculation is as follows:  
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Fig.  6a shows the sum of hours over one year in which the operative temperature is over 26°C without cooling. It 
appears that high operative temperatures appear less often when an ETFE foil is changed with an IR-foil. Moreover, 
when adding an air filled layer (variant II to III) the thermal comfort in the summer decreases because of the high 
thermal insulation of the air gap within a cushion. For a reference value is the ETFE foil clear, the ETFE with silver 
printing and the IR-Foil are compared in the following chapters.  
(a)  (b) 
Fig.  6. (a) Operative temperature for the thermal comfort (b) Surface temperature, variant I. 08th May 
In variant I, the single layer ETFE foil clear (light grey) was exchanged by ETFE foil with silver printing (grey) 
and the new IR- foil (dark grey). The improvement of the thermal comfort reaches up to 14%. The IR-foil has a high 
absorption coefficient, so longwave radiation is absorbed on the foil surface. This effect is quite apparent in Figure 
6b, all grey characteristic curves shows the surface temperature of the foils with the corresponding ambient 
temperature (light blue). In this process, the foils heat up from the sun (IR- radiation). Compared to a conventional 
ETFE foil with silver printing, the IR-foil surface temperature is up to 5.9 Kelvin higher. Variant II is a 2- layer 
membrane cushion where the upper layer is changed with the IR- foil. Thereby, could be improved by 10% and in 
variant III, the 3- layer membrane cushions could be improved by 10%.  
3.4. Energy consumption “cooling and heating” 
  The amount of energy which is necessary to cool down the room to 26°C was calculated for the summer case 
(20th May to 08th Sept.) and the energy demand for heating up to 21°C was calculated for the winter case. The results 
for the tested variants are showed Fig.  7. 
(a)  (b) 
Fig.  7. (a)  Cooling demand to 26°C (b) Heating demand to 21°C   
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By changing the upper layer with an IR-foil, it is possible to save a cooling energy demand of about 1% for 
variant I, 5% for variant II and 8% for variant III (Fig.  7a). The heating energy demand in the winter case increases, 
however, when an IR-foil is used as an upper layer (about 7%) because the solar gains are reduced in consequence 
of the decreased transmittance of solar radiation.  In variant I the indoor temperature (Tair) cools down heavily at 
night because of the minimal layer thickness of the foil (0.2mm). This leads to extreme fluctuations of the indoor air 
temperature, according to the outside temperature (Tamb). A further important factor is the sky temperature (Tsky), 
which is always lower than the current outside temperature (Tamb). The difference between the sky temperature and 
the surface temperature is driving the long wave radiation exchange between the surface and the sky. 
Through the improvements in variant II the thermal resistance of the air gap in the cushion reduces heat losses in 
the winter, but does not affect gains through solar radiation. On the other hand, in the summer case these effects are 
responsible for higher cooling energy demands, because the heat generated by solar radiance stays in the room and 
thus overheats the building. It is surprising that variant III has a lower cooling energy demand than variant II. The 
reason for this effect is that the thermal resistance stays nearly the same but more radiation is absorbed through the 
additional membrane layer. 
3.5. Other geography position 
Further simulation with the identical parameter of the 3D Model and the variant II were conducted with TRNSYS 
17.2, see paragraph 3.2. The meteorological data are changed to compare the potential of other geographical areas of 
the earth. Thus, changing the significant parameters e.g. radiation and the ambient temperature etc. Meteorological 
data the following cities were used: London, Stuttgart, Madrid and New Delhi. 
(a)  (b) 
Fig.  8. (a) Operative temperature > 26°C variant II.  (b) Total radiation on horizontal surface [kWh/m²] 
The significant parameter for the valuation is the ambient temperature and the irradiation. In Fig.  8a the total 
diffuse- and direct radiation for each city is shown. An overview of the ambient temperature above 26°C per year 
includes:  London, 13 h/a; Stuttgart, 96 h/a; Madrid, 832 h/a; and in New Delhi, 4486 h/a. Figure 8a shows the 
different geographic positions with regard to the thermal comfort. The variant Stuttgart / New Delhi is calculated 
with the same parameters of Stuttgart, but with the solar zenith angle and radiation of New Delhi. It shows that the 
operative temperature increase of the upper radiation. In all variants the best results have the IR –foil except in New 
Delhi.   
From the point of view of architecture, useful planning with translucent material in different geographic positions 
is an important consideration.  
4. Conclusion 
This paper makes a short comparison between conventional ETFE-constructions with clear (transparent) film or 
with silver printing (65%) and ETFE-constructions with of one layer with the new material Nowoflon ET 6235 Z-
IR.  
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It is important to take into account that the new IR-absorbing ETFE film is not fully neutral in colour, its 
transmission and reflection is slighly blue/greyish. In this study, the upper membrane is replaced by the new IR 
absorbing foil. First, the meteorological data of Stuttgart (Germany) were used. In the summer case, the thermal 
comfort improves by around 10% compared with a conventional ETFE constructions. There the IR-foil has a high 
absorption factor, so longwave radiation is absorbed on the foil surface and improves the overheating in the 
building. Compared to a conventional ETFE foil (silver printing), the IR-foil surface temperature is in relation to an 
increased absorption coefficient up to 5.9 Kelvin higher. The savings attained amount to 5 - 8% of the cooling 
energy. The installation of further layers reduce the cooling energy demand. The consequence is in the winter case a 
reduction of the solar gains, deterioration the heating energy demand about 6 - 7 %.  
In paragraph 3.5 is examined the potential of different climate zones with regard to the thermal comfort (summer 
case). The best results from all variants achieved by the IR-foil, excepted in New Delhi. In order to make a precise 
and explicit statement, a site-specific simulation should be carried out, because a lot of factors can lead to different 
findings.   
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